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Does	  the	  earth	  go	  around	  the	  sun,	  or	  
does	  the	  sun	  go	  around	  the	  earth?	  
How	  do	  you	  know?	  

Next	  quesFon…	  




2	  +	  4	  =	  6	  
	  
3	  +	  5	  =	  8	  
	  
	  
So	  what	  do	  we	  do?	  
“mere	  teaching,	  no	  maKer	  
how	  precise,	  is	  insufficient	  
to	  overcome	  widespread	  
naïve	  and	  erroneous	  
thinking	  about	  key	  ideas”	  
“Teachers	  must	  draw	  out	  
and	  work	  with	  the	  pre-­‐
exisFng	  understandings	  
that	  their	  students	  bring	  
with	  them.”	  







A	  rectangle	  has	  length	  3.7	  cm	  and	  









A	  modest	  goal	  for	  assessment	  items	  
Kids	  get	  the	  item	  right	  for	  the	  
right	  reason,	  and	  wrong	  for	  the	  
right	  reason.	  
The	  right	  reason	  is	  
understanding	  of	  the	  objec2ve.	  
“Assessment	  is	  the	  central	  
process	  of	  instrucFon.	  	  
Students	  do	  not	  learn	  what	  
we	  teach.	  If	  they	  did,	  we	  
would	  not	  need	  to	  keep	  
gradebooks.	  We	  could,	  
instead,	  simply	  record	  what	  
we	  have	  taught.”	  
From	  Dylan	  Wiliam	  
One	  more	  (stolen)	  MC	  item	  
Why	  do	  students	  have	  to	  do	  math	  problems?	  
	  
	  A 	  To	  get	  the	  answers,	  because	  
	   	  Homeland	  Security	  needs	  them	  —	  pronto!	  
	  B 	  I	  had	  to;	  why	  shouldn’t	  they?	  
	  C 	  So	  they	  will	  listen	  to	  me	  in	  class.	  
	  D 	  To	  learn	  mathemaFcs.	  
From	  Phil	  Daro	  
“Answers	  are	  
a	  black	  hole	  –	  




Why	  give	  students	  problems	  to	  solve?	  
•  So	  students	  learn!	  This	  is	  the	  product.	  
•  The	  problems	  (and	  their	  answers)	  are	  tools	  –	  
parts	  of	  the	  process	  to	  achieve	  the	  product.	  
•  Let’s	  not	  let	  answer-­‐gecng	  short-­‐circuit	  
sense-­‐making,	  reasoning,	  and	  learning.	  
– Rather	  than	  asking,	  “How	  can	  I	  teach	  my	  kids	  to	  
get	  the	  answer	  to	  this	  problem?”	  
–  Instead,	  let’s	  ask,	  “How	  can	  I	  use	  this	  problem	  to	  
teach	  key	  math	  and	  science	  ideas	  of	  this	  unit?”	  
Adapted	  from	  Phil	  Daro	  
•  Make	  it	  safe	  
•  Encourage	  reasoning	  and	  sense-­‐making	  
•  Value	  what	  we	  see	  
	  
The	  “5	  ×	  8	  card”:	  
Card	  from	  SERP	  (Strategic	  EducaFon	  Research	  Partnership)	  
Thermometer	  vs.	  thermostat:	  
What’s	  the	  difference?	  
Closing	  the	  loop:	  “informaFon	  does	  not	  become	  ‘feedback’	  
unless	  it	  is	  provided	  within	  a	  system	  that	  can	  use	  that	  
informaFon	  to	  affect	  future	  performance.”	   Quote:	  Wiener,	  as	  cited	  by	  Wiliam	  

Confusion	  (disequilibrium)	  is	  a	  tool	  
•  “Before	  you	  can	  teach	  something,	  you	  have	  to	  
realize	  it’s	  hard.”	  
•  “Before	  you	  can	  learn	  something	  
(transformaFve),	  you	  must	  realize	  it’s	  hard.”	  
•  “Entering…	  a	  state	  [of	  confusion]	  is	  a	  prerequisite	  
to	  true	  learning.”	  Being	  too	  clear	  may	  lead	  us	  to	  
be	  ignored!	  
•  Real	  learning	  –	  surfacing,	  abandoning,	  and	  
repairing	  or	  replacing	  misconcepFons	  –	  requires	  
real	  engagement.	  
Peer	  InstrucAon	  
Adapted	  from	  Peter	  Newbury	  and	  Liz	  Specht,	  UCSD	  (collegeclassroom.ucsd.edu)	  
1.  Instructor	  poses	  a	  conceptually-­‐challenging	  
mulFple-­‐choice	  quesFon.	  
	  
2.  Students	  think	  about	  quesFon	  on	  their	  own.	  
	  
3.  Students	  vote	  for	  an	  answer	  using	  clickers,	  	  
voFng	  cards,	  whiteboard,	  fingers…	  
	  
4.  The	  instructor	  picks	  a	  response,	  based	  
on	  the	  paKerns.	  Osen,	  students	  discuss.	  
Peer	  InstrucAon	  and	  How	  People	  Learn	  
	   	   	  
	  	  	  
	   	   	  
Adapted	  from	  Peter	  Newbury	  and	  Liz	  Specht,	  UCSD	  (collegeclassroom.ucsd.edu)	  
Peer	  InstrucAon	  and	  How	  People	  Learn	  
Adapted	  from	  Peter	  Newbury	  and	  Liz	  Specht,	  UCSD	  (collegeclassroom.ucsd.edu)	  
We	  must	  engage	  students’	  iniAal	  understanding	  
(preconcepAons)	  
We	  must	  help	  students	  develop	  an	  
organized	  conceptual	  framework	  
Students	  can	  take	  control	  of	  their	  own	  
learning	  by	  thinking	  about	  their	  thinking	  
(metacogniAon)	  
In	  effecAve	  peer	  instrucAon	  
 students	  teach	  each	  other	  while	  
they	  may	  sFll	  hold	  or	  remember	  
their	  novice	  misconcepFons	  
 students	  discuss	  the	  concepts	  in	  
their	  own	  language	  
	  
 the	  instructor	  finds	  out	  what	  the	  students	  
know	  (and	  don’t	  know)	  and	  can	  respond	  
students	  learn	  
and	  pracFce	  
how	  to	  think,	  
communicate	  
like	  experts	  
Adapted	  from	  Peter	  Newbury	  and	  Liz	  Specht,	  UCSD	  (collegeclassroom.ucsd.edu)	  
EffecAve	  peer	  instrucAon	  requires	  
1.  idenFfy	  key	  concepts,	  misconcepFons	  
2.  create	  mulFple-­‐choice	  quesFons	  that	  
require	  deeper	  thinking	  and	  learning	  
	  
3.  facilitate	  peer	  instrucFon	  episodes	  
that	  spark	  student	  discussion	  





Adapted	  from	  Peter	  Newbury	  and	  Liz	  Specht,	  UCSD	  (collegeclassroom.ucsd.edu)	  
We	  are	  not	  here	  
Student	  
Us	  
A	  Re-­‐Engagement	  Lesson	  
•  Has	  all	  students	  re-­‐work	  a	  previous	  task	  
while	  now	  taking	  different	  perspecFves.	  
•  Makes	  use	  of	  actual	  student	  work,	  including	  
unique	  thinking,	  misconcepFons,	  strategies.	  
•  Surfaces	  and	  confronts	  misconcepFons,	  so	  
that	  they	  can	  be	  repaired	  and	  released.	  
•  Moves	  all	  students’	  learning	  forward:	  
– Gives	  some	  students	  strategies	  to	  solve	  the	  
problem	  successfully.	  
– Helps	  others	  solidify,	  connect,	  and	  clarify	  their	  
ideas.	  
Adapted	  from	  David	  Foster,	  Silicon	  Valley	  MathemaFcs	  IniFaFve	  
Re-­‐teaching	  vs.	  Re-­‐engagement	  
•  Teach	  the	  unit	  again.	  
•  Address	  basic	  skills	  that	  are	  
missing.	  
•  Do	  the	  same	  or	  similar	  
problems	  over.	  
•  PracAce	  more	  to	  make	  sure	  
student	  learn	  the	  
procedures.	  
•  Focus	  mostly	  on	  
underachievers.	  
•  CogniFve	  level	  is	  usually	  
lower.	  
•  Revisit	  student	  thinking.	  
•  Address	  conceptual	  
understanding.	  
•  Examine	  task	  from	  different	  
perspecAves.	  
•  CriAque	  student	  
approaches/soluFons	  to	  
make	  connecAons.	  
•  The	  enAre	  class	  is	  engaged	  
in	  the	  mathemaFcs.	  
•  CogniFve	  level	  is	  usually	  
higher.	  
Adapted	  from	  David	  Foster,	  Silicon	  Valley	  MathemaFcs	  IniFaFve	  




confidence	   More	  learning	  
Thermostat	  vs.	  students	  
What’s	  the	  difference?	  
Karthik	  (3½)	  
Meera	  (2)	  
PersonaliAes,	  idenAAes,	  beliefs	  
A	  key	  aspect:	  mindset	  
Fixed	  mindset	  
I	  have	  a	  certain	  amount	  of	  
intelligence,	  and	  that’s	  that.	  
Having	  to	  work	  hard	  
shows	  I’m	  not	  that	  smart.	  
Mistakes	  are	  shameful	  
and	  should	  be	  hidden.	  
When	  I	  hit	  a	  setback,	  
I	  give	  up.	  
	  
Growth	  mindset	  
I	  can	  grow	  my	  intelligence	  
by	  working	  at	  growing	  it.	  
Working	  hard	  is	  how	  
I	  can	  get	  smarter.	  
Mistakes	  are	  
opportuniFes	  to	  learn.	  
When	  I	  hit	  a	  setback,	  
I	  work	  harder.	  
hKp://nigelholmes.com	  
Mindsets	  maeer	  to	  student	  learning	  
•  Students’	  mindsets	  about	  themselves	  
•  Teachers’	  mindsets	  about	  students	  
•  Teachers’	  mindsets	  about	  themselves	  

Three	  lies	  and	  a	  truth	  
He	  was	  a	  great	  teacher	  
	  
He	  worked	  alone	  
	  
He	  did	  it	  all	  in	  one	  year	  
	  
His	  work	  led	  to	  lasAng	  change	  







Adapted	  from	  Zach	  Herrmann	  and	  Peter	  DeCraene,	  ETHS	  (at	  ICTM	  2011)	  
Beliefs	  about	  learning	  and	  change	  























Professional	  learning	  networks	  
#edchat	  
#scichat	  
Standards	  for	  MathemaFcal	  
Content	  
Standards	  for	  MathemaFcal	  






Level 1:  Recalling and Recognizing 
   Student is able to recall routine facts of 
knowledge and can recognize shape, 
symbols, attributes and other qualities. 
 
Level 2:  Using Procedures 
   Student uses or applies procedures and 
techniques to arrive at solutions or answers. 
Depth	  of	  Knowledge	  (DOK)	  
Low	  Cogni,ve	  Demand	  
Adapted	  from	  David	  Foster,	  Silicon	  Valley	  MathemaFcs	  IniFaFve	  
Level 3:  Explaining and Concluding 
   Student reasons and derives conclusions. Student 
explains reasoning and processes. Student 
communicates procedures and findings. 
 
Level 4:  Making Connections, Extending, 
and Justifying 
 Student makes connections between different 
concepts and strands. Extends and builds on 
knowledge to a situation to arrive at a conclusion. 
Uses reason and logic to prove and justify conclusions. 
Depth	  of	  Knowledge	  (DOK)	  
High	  Cogni,ve	  Demand	  
Adapted	  from	  David	  Foster,	  Silicon	  Valley	  MathemaFcs	  IniFaFve	  
Common	  Core	  Big	  Ideas	  
Depth	  of	  Knowledge	  (DOK)	  Levels	  
  Mathematics ELA/Literacy 





(PARCC & SBAC) 
Yuan	  &	  Le	  (2012);	  Herman	  &	  Linn	  (2013)	  from	  Linda	  Darling-­‐Hammond,	  Assembly	  Hearing,	  3.6.13	  
Common	  Core	  Big	  Ideas	  
Depth	  of	  Knowledge	  (DOK)	  Levels	  
  Mathematics ELA/Literacy 
DOK3 DOK4 DOK3 DOK4 
Current 
Assessments  <2% 0% 20% 2% 
New CCSS 
Assessments 
(PARCC & SBAC) 
Yuan	  &	  Le	  (2012);	  Herman	  &	  Linn	  (2013)	  from	  Linda	  Darling-­‐Hammond,	  Assembly	  Hearing,	  3.6.13	  
Common	  Core	  Big	  Ideas	  
Depth	  of	  Knowledge	  (DOK)	  Levels	  
  Mathematics ELA/Literacy 
DOK3 DOK4 DOK3 DOK4 
Current 
Assessments  <2% 0% 20% 2% 
New CCSS 
Assessments 
(PARCC & SBAC) 
49% 21% 43% 25% 
Yuan	  &	  Le	  (2012);	  Herman	  &	  Linn	  (2013)	  from	  Linda	  Darling-­‐Hammond,	  Assembly	  Hearing,	  3.6.13	  
hKp://www.nap.edu/catalog.php?record_id=18409	  
Wiggins:	  “Coaches	  prepare	  
you	  for	  the	  rigors	  of	  games	  
by	  making	  you	  work	  far	  
harder	  in	  pracFce	  than	  any	  





•  David	  Foster,	  Virginia	  Bastable,	  Kathy	  SFles,	  
Susan	  Mundry,	  and	  others	  
•  My	  colleagues	  at	  Bronx	  LeKers,	  CPS,	  and	  UIC	  
•  The	  varied	  members	  of	  my	  own	  PLN	  
•  And	  the	  many	  teachers	  and	  administrators	  
who	  have	  let	  me	  into	  their	  schools	  and	  
classrooms,	  presented	  me	  with	  problems	  of	  
pracFce,	  and	  thought	  them	  through	  together	  
Thank	  you	  
Slides	  will	  be	  posted	  soon.	  
I’d	  love	  to	  know	  what	  you’re	  thinking,	  
what	  you	  try,	  and	  how	  it	  goes.	  
Please	  do	  get	  in	  touch!	  
sendhil@gmail.com	  or	  @revuluri	  
Some	  Resources	  
•  CCSSM:	  hKp://www.illustraFvemathemaFcs.org/	  
•  PARCC:	  hKp://parcconline.org/	  
•  NAEP:	  hKp://naFonsreportcard.gov/science_2009/ict_tasks.asp	  
•  NGSS:	  hKp://www.nextgenscience.org	  
•  InsideMathemaFcs:	  hKp://www.insidemathemaFcs.org/	  
•  Shell	  Center:	  hKp://map.mathshell.org/	  
•  SERP	  5	  by	  8	  card:	  hKp://serpmedia.org/5x8card/	  
•  Tim	  Xeriland	  video:	  hKps://www.youtube.com/watch?v=cvXS2x3UhQU	  
•  Veritasium	  video:	  hKp://www.youtube.com/watch?v=cY_o4A1wzsg	  
•  Mazur,	  “Confessions	  of	  a	  Converted	  Lecturer”:	  hKps://www.youtube.com/watch?v=WwslBPj8GgI	  
•  A	  Private	  Universe:	  hKp://www.learner.org/resources/series28.html	  
•  Dylan	  Wiliam,	  Embedded	  Forma,ve	  Assessment:	  hKp://www.dylanwiliam.org	  
•  Carol	  Dweck,	  Mindset:	  hKp://mindsetonline.com	  
•  5	  Prac,ces	  for	  Orchestra,ng	  Produc,ve	  Mathema,cs	  Discussions:	  NCTM	  
•  5	  Prac,ces	  for	  Orchestra,ng	  Task-­‐Based	  Discussions	  in	  Science:	  NSTA	  
	  And	  email	  me	  any	  Ame:	  sendhil@gmail.com	  (or	  contact	  me	  @revuluri	  on	  Twieer)!	  
Photo	  Credits	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  and	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  Ged	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  Coleman	  on	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  Wikimedia	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  Diagrams:	  Ethan	  Siegel,	  ScienceBlogs	  
•  Prairie:	  Joshua	  Mayer	  on	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  Daniel	  R.	  Blume	  on	  Flickr	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